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FPGA development platform (model: AXP390) based on Tsinghua Unigroup 
Titan2 series has been officially released. In order to give you a quick 
understanding of this development platform, we have written this user manual. 

The Titan2 FPGA development platform adopts the mode of an integrated 
board, which has 4 pieces of DDR4 with a capacity of 2GB and 4 pieces of high- 
speed DDR3 with a capacity of 512MB . SDRAM chip, the total memory capacity is 
up to 10GB. At the same time, the FPGA chip configuration uses four 128Mb QSPI 
FLASH chips. 

The peripheral circuit expands rich interfaces for users, such as 1 PClex8 
interface, 4 10G SFP optical interfaces, 1 40G QSPF + optical interface, 1 Gigabit 
Ethernet port, 1 UART serial port, 1 SD card interface , 1 FMC expansion port, a 40 - 
pin expansion port, etc. It is a "professional-level" FPGA development platform to 
meet the requirements of users for various high-speed data exchange, data storage, 
video transmission processing and industrial control. It provides the possibility for 
high-speed data transmission and exchange, pre-validation and post-application 
of data processing. We believe that such product is very suitable for students, 


engineers and other groups engaged in FPGA development. 
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1. Introduction to the development board 


Here, this AXP390 FPGA development platform is briefly introduced. 

The AXP390 development board is mainly composed of the main chip of 
Ziguang Tongchuang FPGA Titan2, 4 DDR4, 4 DDR3L, 4 QSPI FLASH and some 
peripheral interfaces. The chip model used by the FPGA is PG2T390HFFBG900. 
Four DDR4 memory chips are connected to the HP port to form a 64-bit data 
bandwidth, and each DDR4 chip has a capacity of up to 2GB. The memory 
bandwidth of the HP side is up to 100Gb/s (1600M*64bit); the HR port is 
connected to 4 pieces of DDR3L memory chips to form a 64-bit data bandwidth, 
each with a capacity of up to 512MB, and a memory bandwidth of up to 50Gb/s 
(800M*64bit). It can fully meet the needs of high-speed multi-channel data 
processing. Four 128Mb QSPI FLASHs are used to statically store the configuration 
files of the FPGA chip or other user data. 

The onboard peripherals have 1 PClex8 interface, 4 10G SFP fiber interfaces, 
1 40G О5РЕ- fiber interface, 1 Gigabit Ethernet port, 1 UART serial port, 1 SD card 
interface, 1 FMC expansion interface, a 40-pin expansion port and some key LEDs, 
etc. 
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AXP390 Products 


The following figure is a schematic diagram of the structure of the entire 


development system: 
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Through this schematic diagram, we can see the functions that this development 
platform can achieve. 

е Titan2 FPGA 
It adopts the second-generation new high-performance 28nm FPGA chip 
PG2T390HFFBG900 of the Tian family launched by Shenzhen Ziguang 
Tongchuang Electronics Co., Ltd. 

e DDR4 
With 4 high-capacity 2GB (8GB total) high-speed DDR4 SDRAM. It can meet the 
high-bandwidth storage requirements of data, and is suitable for image analysis 
caching and data processing. 

e DDR3 
With 4 large-capacity 512M bytes (2GB in total) high-speed DDR3 SDRAM. It can 


meet most of the storage requirements of FPGA data. 
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e QSPI FLASH 
Four 128Mbit QSPI FLASH memory chips can be used as the storage of FPGA chip 
configuration files and user data. 

e PCle x8 interface 
One standard PCIEx8 interface is used for PCIE communication with the computer 
motherboard, supports the PCI Express 2.0 standard, and the single-channel 
communication rate can be as high as 5Gbps. 

е 4-way SFP fiber interface 
The 4-channel high-speed transceiver of the HSSTHP transceiver of the FPGA is 
connected to the sending and receiving of the 4 optical modules to realize the 4- 
channel high-speed optical fiber communication interface. The receiving and 
sending speed of each optical fiber data communication is up to 10Gb/s. 

e 1 channel QSFP+ fiber interface 
The 4 high-speed transceivers of the HSSTHP transceiver of the FPGA are 
connected to a QSPF+ optical module interface to realize the QSFP+ optical fiber 
communication interface. Optical fiber data communications receive and transmit 
at speeds up to 40Gb/s. 

e One 10/100M/1000M Ethernet RJ-45 interface 
The Gigabit Ethernet interface chip adopts KSZ9031RNX Ethernet PHY chip to 
provide users with network communication services. The KSZ9031RNX chip 
supports 10/100/1000 Mbps network transfer rate; full duplex and auto-adaptive. 

e USB UART interface 
1-way UART to USB interface, used to communicate with the computer, which is 
convenient for users to debug. The serial port chip adopts the USB-UAR chip of 
Silicon Labs CP2102GM, and the USB interface adopts the MINI USB interface. 

e Micro SD card holder 
1-way Micro SD card holder, used for FPGA to read, write and store data to SD 
card. 

e Temperature sensor 
There is a temperature sensor chip LM75 onboard, which is used to detect the 
temperature of the surrounding environment of the board. 

e FMC expansion port 
1 standard FMC LPC expansion port, can use various FMC modules (HDMI input 


and output modules, high-speed AD modules, etc.). 
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e JTAG debug port 
There are 2 JTAG ports on the board, one is a 10-pin 2.54mm standard JTAG port, 
which is used for FPGA program download and debugging, and the other is a 14- 
pin 2.00mm flash program curing interface. Users can download it through the 
FPGA of Ziguang Tongchuang Debugger and download. 

e Clock 
There is a 100Mhz differential crystal oscillator onboard, which provides a stable 
clock source for the FPGA system; in addition, there is a multi-output clock chip 
on the board, which provides a reference clock for PCIE, optical fiber, DDR3 and 
DDR4 work. 

e 40-ріп expansion port 
Reserve two 40-pin 2.54mm spaced expansion ports, which can be connected to 
various modules (binocular camera, TFT LCD screen, high-speed AD module, etc.). 
The expansion port includes 1 channel of 5V power supply, 2 channels of 3.3V 
power supply, 3 channels of ground, and 34 channels of I/O ports. 

• LED lights 
6 light-emitting diode LEDs, 1 power indicator; 1 DONE configuration indicator; 
4 FPGA control indicators. 

e Button 
3 buttons, 1 for FPGA system reset; 2 user buttons, connected to common IO of 
FPGA. 
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2. Detailed parameters 

(1) FPGA chip 
As mentioned above, the FPGA model we use is PG2T390HFFBG900, which belongs 
to the Titan2 series of Ziguang Tongchuang Company, with a speed grade of 6 and 
an industrial temperature grade. This model is FFBG900 package, 900 pins. The chip 
naming rules of Ziguang Tongchuang Titan2 FPGA are as follows: 


ийг PG2T 330H -6 FFBG 900 


P^ dh AM: |1 Ас nbn i 
PG2T-T i tan2 4 2-1 E ЕЩЕ 
L, TEX 
Edu. i REVUE: 


С = Commercial (Tj) = 0С to *85'C 


330-330K 
| = Industrial (Tj) = -40°C to +100°C 
5: {ЮЖ 
6: ТУ 
7: Bk 
Figure 2-1-1 is the physical diagram of the FPGA chip used in the development 
board . 
Ц.ЧРАНСО 
PG2T390H 
6IFFBG900 


USNSC2112 
CHR88-A R1ES0-02 
FACF7D0E 


Figure 2-2-1 Physical FPGA chip 


The main parameters of the FPGA chip PG2T390H are as follows: 


Flip-flops (FF) 487200 
Lookup table LUT6 243600 
(LUT6=1.5LUTA4) 
Number of DRM (36Kbits) 480 
APM unit (multiplier ) 840 
Number of GPLLs 10 
Number of PPLLs 10 
ADC channel 1 dedicated analog channel ; 11 
multiplexed analog channels 
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PCle Gen3 x8 1 
HSSTHP 16 channels, 
13.125Gb/s max 
Speed class - 6 
Temperature class Industrial grade 
FPGA power supply system 


Titan2 FPGA power supply includes Vcc, Меса, Vcc рам, Мссв, Vccio, Мусс нр, Vussravcc, VHsSTAVCCPLL, 
Vusstvcca. Vcc is the power supply pin of the FPGA core, which needs to be connected to 1.0V; 
Меса is the auxiliary power supply pin of the FPGA, which is connected to 1.8М, Vcc рем 15 the 
DRM power supply voltage of the FPGA, which is 1.0V; Мссв is the key memory backup 
battery power supply voltage and needs to be connected to 1.8V Мсао is the voltage of each 
bank of FPGA, including L1, L2, L3, L4, L5, L6, L7, R5, R6, R7. Because L1, L2, L3 need to be 
connected to DDR3, the voltage of BANK is 1.5V; R5, R6, R7 need to be connected to DDR4, 
the voltage of BANK is 1.2V; the voltage of L4, L5 is 3.3V, L6 and L7 The factory setting of 
Мсао is 2.5V, and users can change the level of BANK according to their needs. Vvcc rp is the 
logic power supply voltage of HP IO of FPGA, which needs to be connected їо 1.0V; Vussravcc 
is the HSST analog power supply voltage of the high-speed serial transceiver inside the 
FPGA, connected to 1.0V; Мивєтлуссрци is the HSST PLL analog power supply voltage, 
connected to 1.2V; Vusstvcca is HSST The H PLL auxiliary analog power supply voltage, 
connected to 1.8V. 

The Titan2 FPGA system requires the power-on sequence to be Vcc first, then Vcc prm, then 
Vcca, and finally Уссо. The sequence of power down is reversed. 


(2) Clock configuration 


The AXP390 board is equipped with two active crystal oscillators from Sitime Company, one 
is a single-ended 50MHz active crystal oscillator, and the other is a differential 100MHz 
active differential crystal oscillator. In addition, there is an 8-channel output clock chip. The 
50MHz crystal oscillator model is SiT8008-50, and the 100M differential crystal oscillator 
model is 5119121-100, which can be used as the system clock; the multi-channel clock output 
chip adopts 515332В, and 5 channels are used in the board, of which 2 channels output 
100MHz, which are provided for DDR3 and DDR4 Reference clock; the other 3 channels are 
156.25MHz clocks, which are used for the reference clock input of the HSST transceiver. 

1). БОМН2 active crystal oscillator 

X4 in Figure 2-2-1 is the 50MHz active crystal oscillator circuit. This clock is connected to the 
global clock pin inside the FPGA, which can be the reference input clock provided by the 
FPGA. 
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Figure 2-2-2 50MHz active crystal oscillator 


Figure 2-2-2 is the actual picture of 50M active crystal oscillator 
1! | 


Figure 2-2-2 50M differential crystal oscillator physical map 
Clock pin assignment: 


L5 всі 


1). 100МН: differential crystal oscillator 


G1 in Figure 2-2-3 is the 100МН2 active differential circuit. This clock is connected to 
the global clock pin inside the FPGA and can be the reference input clock provided by the 
FPGA . Sitime 5 SiT9121-100MHz is used, and it is factory default. Do not solder. 


100MHz +3.3V 
128 1200hm@100MHz 
ын 
R72 C260 C261 -1- C262 
4.7K D.tuF рлаЕ 4.7uF 
G1 A 
1 6 = 
VDD 
r= 
теа | 
2 | | Жы зай 5 
PLL сажа 
не ce >> SYS СІК № 7 
3 С264 
S>SYS_CLK_P 7 
3: | ЭМЕ. 0.1uF 


SiT9102-100.00MHz/NC 


Figure 2-2-3 100MHz active crystal oscillator 


Figure 2-2-4 is the actual picture of 100M differential active crystal oscillator (default is not 
populated) 


Figure 2-2-4 100M differential crystal oscillator 
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Clock pin assignment: 


SYS CLK P 
SYS CLK N 


3). Multiplex Clock 

0162 in Figure 2-2-5 is the multi-channel clock circuit of Si5332B , and this clock 
is the reference input clock provided for DDR3DDR4 and HSST modules. The 
circuit outputs 2 channels of 100MHz and 3 channels of 156.25MHz, which are 
respectively connected to the clock pins of DDR3, DDR4 and HSST BANK. 
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Figure 2-2-6 Si5332B physical map 


Clock pin assignment: 


| Pinname |  FPGApins | Description — 
DDR3 CLKREF N DDR3 Reference Clock Negative 


DDR3 CLKREF Р DDR3 reference clock Positive 
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Negative for HSSTREFCLKO R2 | 
Positive ofHSSTREFCLKO QR? | 
Negative for HSSTREFCLKO ORT | 


CLK1_N Negative for HSSTREFCLKO QR2 
СІКТ Р Positive of HSSTREFCLKO QR2 
CLK2 N Negative for HSSTREFCLKO QR1 
CLK2 P 


(3) DDR3 

The development board is equipped with four Micron 512МВ DDR3 chips, the 
model is MT41K256M16HA-125 (compatible with MT41J256M16HA-125). Four 
pieces of DDR3 SDRAM form a 64bit bus width. Because the four DDR3 chips are 
connected to the HR port of the FPGA, the maximum data rate of the DDR3 SDRAM 
is 800Mbps, and the four DDR3 storage systems are directly connected to the BANK 
L1, BANK L2, and BANK L3 interfaces of the FPGA. The specific configuration of 
DDR3 SDRAM is shown in Table 2-3-1 below. 


Table 2-3-1 DDR3 SDRAM configuration 


Designator | Chip model Capacity Manucaturer 
03,04,06,07 | MT41K256M16HA- 125| 256M x 16bit Micron 
or 
MT41J256M16HA- 125 


The hardware design of DDR3 requires strict consideration of signal integrity. We 
have fully considered matching resistance/terminal resistance, trace impedance 
control, and trace length control in circuit design and PCB design to ensure high- 
speed and stable operation of DDR3. 

FPGA and DDR3 The hardware connection of DRAM is shown in Figure 2-3-1 : 
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Data high 32 bits 


DDR3 


(MT41K256M1 
HA-125) 


F PGA DANK | address line, control line 


U3~U4 
L2 
DDR3 
Data lower 32 bits (MT41K256M1 
BANK HA-125) 
L3 


Figure 2-3-1 DDR3 DRAM schematic part 


Figure 2-3-2 is the physical map of 4 pieces of DDR3 DRAM on the development 
board 
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Figure 2-3-2 4 pieces of DDR3 DRAM physical map 
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4 pieces of DDR3 DRAM pin assignment: 


number 
|0 DDBD6 ë | omo o y o 
i яавал анин! 
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(4) DDR4 


The AXP390 development board is equipped with 4 Micron 2GB DDR4 chips, 
the model is MT40A1G16KD-062E, connected to the HP side of the FPGA, 
constitutes a 64-bit data bus bandwidth and 8GB capacity. The maximum 
operating data rate of DDR4 SDRAM on the FPGA side is 1866Mbps, and the 4- 
chip DDR4 storage system is directly connected to the BANK On the memory 
interfaces of R5, R6, and R7. DDR4 The specific configuration of SDRAM is shown 
in Table 2-4-1 below. 


Table 2-4-1 DDR4 SDRAM configuration 


Designator Chip model Capacity Manufacturer 


U45,U47,U48,U49 | MT40A1G16KD- 062E 1G x 16bit Micron 


DDRA requires strict consideration of signal integrity. We have fully considered 
matching resistance/terminal resistance, trace impedance control, and trace length 
control in circuit design and PCB design to ensure high-speed and stable operation 
of DDRA. 


The hardware connection of DDR4 on the FPGA side is shown in Figure 2-4-1 : 
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U45,U47,U48,U49 


Data 64 bit 


FPGA № 


DDR4 
(МТ40А1616 0 
062E) 


K 
Clock address line, control line 


Figure 2-4-1 DDR4 DRAM schematic part 


Figure 2-4-2 is the physical map of 4 pieces of DDR4 DRAM on the development 
board 


Figure 2-4-2 4 pieces of DDR4 DRAM physical map 


DDR4 SDRAM pin assignment: 


Signal name | Pin number | 


DDR4 D2 
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DDR4 D36 
DDR4 D37 
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(5) QSPI Flash 


The board uses 4 pieces of 128Mbit size QSPI FLASH chip, model 
GD25Q127CYIG, it uses 3.3V CMOS voltage standard. Due to its non-volatile 
nature, QSPI FLASH can be used as the boot image of the FPGA system in use. 
These images mainly include FPGA bit files, soft core application code and other 
user data files. 


SPI The specific model and related parameters of FLASH are shown in the 
following table 
Table 2-5-1 QSPI Flash model and parameters 
Designator Chip type Capacity | Manufacturer 
014, 052, 053, 054 | GD25Q127CYIG 128MBit | Gigadevices 


QSPI FLASH is connected to the CPLD chip, using Slave Parallel mode. Figure 
2-5-1 is a schematic diagram of the hardware connection of QSPI Flash, and 
Host chooses CPLD for us. 
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Figure 2-5-1 QSPI Flash connection diagram 
Figure 2-5-2 is the physical picture of the QSPI Flash on the development board 


LI 
—s........ ........ 


Figure 2-5-2 QSPI FLASH part physical map 


(6) Gigabit Ethernet interface 


The AXP390 development board provides users with network 
communication services through a KSZ9031RNX Ethernet PHY chip. The 
Ethernet PHY chip is connected to the IO interface of the Titan2 FPGA. 
KSZ9031RNX chip supports 10/100/1000 Mbps network transmission rate, and 
communicates with FPGA through RGMII interface. KSZ9031RNX supports 
MDI/MDX self-adaptation, various speed self-adaptation, Master/Slave self- 
adaptation, and supports MDIO bus for PHY register management. 


KSZ9031RNX is powered on, it will detect the level status of some specific 
IOs to determine its own working mode. Table 2-6-1 describes the default 
setting information after the GPHY chip is powered on. 
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Table 2-6-1 PHY chip default configuration values 


Configure Pin Configuration value 
NOU ee 


CLK125 EN Enable 125Mhz clock output Enable 
selection 


LED light mode configuration Single LED light mode 


NX MODES | Link adaptation and full duplex 10/100/1000 adaptive, and 
configuration Full duplex, half duplex 
When the network is connected to Gigabit Ethernet, the data transmission of the FPGA 
and PHY chip KSZ9031RNX passes through RGMII bus communication, the transmission 
clock is 125Mhz , and the data is sampled on the rising edge and falling sample of the clock. 


When the network is connected to Fast Ethernet, the data transmission of FPGA and PHY 
chip KSZ9031RNX passes through RMII bus communication, the transmission clock is 


25Mhz . Data is sampled on the rising and falling edges of the clock. 
91 


изо 
ETH_TXCK 


ETH_TXCTL 


FPGA : = 


Titan2 


Figure 2-6-1 Schematic diagram of FPGA and PHY interconnection. 
Figure 2-6-2 is the physical = ot the Ethernet PHY chip 


m. si - : 


ш 
5 


Figure 2-6-2 Physical map of Ethernet РНҮ chip 
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The FPGA pin assignments for the Ethernet PHY are as follows: 


Signal name 
РНҮ1 MDC Y25 MDIO management clock 
PHY1 MDIO MDIO management data 
PHY1 RESET PHY chip reset 
PHY1 RXC RGMII receive clock 
PHY1 RXDV Receive data valid signal 
PHY1 RXDO Receive data BitO 
PHY1 RXD1 Receive data Bit1 


PHY1 RXD2 AJ27 Receive data Bit2 


PHY1 RXD3 Receive data Bit3 
PHY1 GTXC AJ26 RGMII transmit clock 
PHY1 TXEN send enable signal 
PHY1 TXDO send data bitO 
PHY1 TXD1 send data bit1 
PHY1 TXD2 send data bit2 
PHY1 TXD3 send data bit3 


(7) SFP Fiber interface 


The AXP390 expansion board leads out 4 channels of HSST as optical fiber 
communication interfaces. Users can purchase SFP optical modules (1.25G, 10G, 2.5G 
optical modules on the market ) and insert them into these 4 optical fiber interfaces for 
optical fiber data communication. The 4 -way optical fiber interfaces are respectively 
connected with the 4 -way RX/TX of the HSST transceiver of the FPGA . The TX signal 
and the RX signal are connected to the FPGA and the optical module by differential 
signals. The data rate of each TX transmission and RX reception is up to 10Gb / s. The 
reference clock of the HSST transceiver is provided by the multiplexed clock chip. 


FPGA and fiber design is shown in Figure 2-7-1 below: 
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SFP1~SFP4 
x4 SFP1_RX_P~SFP4 RX P 
7 x4 SFP1 RX N~SFP4 ВХ N 
7 
nz SFP1 TX P~SFP4 TX P 
x4 SFP1 TX N-SFP4 TX М 
7 
BANK 3400) SFP1 TX DIS~SFP4 TX DIS - 
7 


х4 SFP1_LOSS~SFP4 LOSS 


Figure 2-7-1 Schematic diagram of optical fiber design 


“ЖЕР 


Figure 2-7-2 Physical map of two-way optical fiber communication interface 


The pin assignment of the first optical fiber interface FPGA is as follows: 


| Networkname | _FPGA pins | Remark | 


SFP1 TX N D1 SFP optical module data 
transmission Negative 


transmission Positive 
receiving Negative 
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SFP1_RX_P SFP optical module data reception 
Positive 


SFP1_TX_DIS V19 SFP optical module optical 
emission prohibited, high effective 


SFP1_LOSS V29 SFP light receives LOSS signal, 
high means no 
received light signal 


SFP1_IIC_SCL Clock of SFP Optical Module IIC 
SFP1 ИС SDA 027 Data of SFP Optical Module ИС 


The FPGA pin assignment of the second optical fiber interface is as follows: 


| Networkname | FPGApins | Remark 00000) 
transmission Negative 
SFP2 TX P С4 SFP optical module data 
ИИ — 
receiving Negative 
SFP2 RX P SFP optical module data reception 
Биш ний 
emission prohibited, high effective 


SFP2 LOSS V30 SFP light receives LOSS signal, 
high means no 
received light signal 


SFP2 ИС SCL Clock of SFP Optical Module IIC 
Data of SFP Optical Module ІС 


The pin assignment of the third fiber interface FPGA is as follows: 


| Networkname | FPGApins |  Remak 


SFP3 TX N B1 SFP optical module data 
transmission Negative 


transmission Positive 
Negative 
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SFP3_RX P SFP optical module data reception 
Positive 


SFP3 TX DIS W23 SFP optical module optical emission 
prohibited, high effective 
FP ligh ives L ignal, high 
SFP3 LOSS V25 SFP light receives LOSS signal, hig 
means no 


The pin assignment of the fourth optical fiber interface FPGA is as follows: 


| networkname | FPGA pins | Remark 00000 
Е Е transmission Negative 
SFP4 TX Р A4 SFP optical module data 
И ан 
receiving Negative 


Positive 
SFP4 TX DIS W24 SFP optical module optical 
emission prohibited, high 
effective 
SFP light receives LOSS signal, 
high means no 
received light signal 


(8) QSFP+ fiber optic interface 


The development board has four small optical fiber ports that can be 
inserted into QSFP+. The optical transceiver integrates 4 transmission channels 
and 4 receiving channels, and the transmission rate of this 4 -channel pluggable 
interface reaches 40Gbps. Meet users' demand for higher-density high-speed 
pluggable optical fiber communication solutions. 

ОЅЕР+ is directly connected with the BANK of the FPGA The HSST QR2 
transceiver is connected, and the 4 -way TX signal and RX signal of the optical 
fiber are directly connected to the HSST transceiver. Because the speed of a 
single HSST is as high as 13.125Gbps bandwidth, the speed of the 4 -way optical 
fiber interface can be as high as 40Gbps. The reference clock of the transceiver 
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is provided by the multi-channel clock chip Si5332B. 

The schematic diagram of the optical fiber design of the QSFP+ of the 
development board is shown in Figure 2-8-1 below, in which the control signal 
of the optical fiber is connected to the BANK L5 of the FPGA. 


QSFP+ Optical module 
QSFP1_RX_P~QSFP4_RX_P 


QSFP1_TX_P~QSFP4_TX_P 


QSFP_MODSELL 


QSEP-RESETL 
QSFP LPMODE 
QSFP MODPRSL 


QSFP INTL 


ОЅЕР SCL 
QSFP SDA 


Figure 2-8-1 Schematic diagram of QSFP+ fiber design 


QSFP+ optical fiber interface on the development board is shown in Figure 
2-8-2 below: 


Figure 2-8-2 Physical map of QSFP+ optical fiber communication interface 


The QSFP + fiber interface FPGA pin assignments are as follows: 


| Networkname |  FPGApins | | Remark | 


QSFP1 TX N K1 ОЅЕР + first channel data 
transmission Negative 


QSFP1 TX P ОЅЕР + first channel data 
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[00 | transmission Positive 


QSFP2 TX N QSFP+ second data transmission 
Negative 

QSFP2 TX P QSFP+ second data transmission 
Positive 

QSFP3 TX N QSFP+ third channel data 
transmission Negative 

QSFP3 TX P QSFP+ third channel data 
transmission Positive 

ОЗЕРА. TX М QSFP+ fourth channel data 
transmission Negative 

ОЗЕРА TX P QSFP+ fourth channel data 
transmission Positive 

QSFP1 RX N QSFP+ first channel data 
receiving Negative 

QSFP1 RX P ОЅЕР + first channel data 
receiving Positive 

QSFP2 RX N QSFP+ second channel data 
receiving Negative 

QSFP2 RX P QSFP+ second channel data 
receiving Positive 

QSFP3 RX N QSFP+ third channel data 
receiving Negative 

QSFP3 RX P QSFP+ third channel data 
receiving Positive 

QSFP4 RX N QSFP+ fourth channel data 
receiving Negative 

QSFP4 КХР QSFP+ fourth channel data 
receiving Positive 


QSFP_MODSELL U22 Mode selection, low level 12С active 
QSFP_RESETL U23 Reset signal, low level reset 


QSFP_MODPRSL V21 The optical module has a signal, 
the low level is active 


QSFP_INTL V22 Interrupt signal, active low 
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QSFP_SCL 12C clock signal 
QSFP_SDA 12С data signal 


(9) PCIe slot 


There is a PCle x8 interface on the development board. The external 
dimensions of the PCIE card meet the requirements of the standard PCle card 
electrical specification and can be used directly on the x8 PCle slot of a common 
PC. The data communication of PCIEex8, PCIEex4, PClex2, PClex1 can be 
realized between the development board and the computer. 


The transceiver signals of the PCle interface are directly connected to the 
FPGA BANK HSST, and the 8-channel TX signals and RX signals are connected 
to the QR3 and QR4 of the BANK HSST in a differential signal manner, 
supporting the PCI Express 2.0 standard, and the  single-channel 
communication rate can be as high as 5Gbps. 


The design schematic diagram of the PCle interface of the development 
board is shown in Figure 2-9-1 below, in which the TX transmission signal is 
connected in AC coupling mode. 


PCIE TX3 P/N | 
PCIE_TX2_P/N | 
PCIE ТХ1 P/N | Е 
> \ 
PCIE ТХО P/N | 


PCIE RX3 P/N 


PCIE RX2 P/N 


PCIE_RX1_P/N 


A A À À 


PCIE RX0 P/N N 


FPGA MCN mamaqa 
BANK 
PCIE TX4 P/N 
НЭГ | — 
QR4 


PCIE_RX7_P/N 


PCIE_RX6_P/N 


PCIE RX5 P/N 


PCIE RX4 P/N N 


A À А À 


= 


N 


PCIE_PERST 


Figure 2-9-1 PCle x 8 interface design diagram 
PClex8 interface is shown in Figure 2-9-2 below: 
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Figure 2-9-2 PCle Physical map of x8 interface 


PCle The x8 interface FPGA pin assignments are as follows: 


_Signal пате | FPGA pins | Description | — 
| POERX P | P6 PCIE channel 1 data reception Positive — 
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PCIE_TX2_N PCIE channel 2 data transmission Negative 
PCIE TX2 P PCIE channel 2 data transmission Positive 
PCIE TX3 N PCIE channel 3 data transmission Negative 
PCIE TX3 P PCIE channel 3 data transmission Positive 
PCIE TX4 N PCIE channel 4 data transmission Negative 
PCIE ТХА Р PCIE channel 4 data transmission Positive 


PCIE TX5_N PCIE channel 5 data transmission Negative 
PCIE TX5_P PCIE channel 5 data transmission Positive 
PCIE TX6_N PCIE channel 6 data transmission Negative 
PCIE ТХ6 Р PCIE channel 6 data transmission Positive 
PCIE TX7_N PCIE channel 7 data transmission Negative 
PCIE TX7 Р PCIE channel 7 data transmission Positive 


(10) Temperature sensor 


The AXP390 development board is equipped with a high-precision, low- 
power, digital temperature sensor chip, model LM75A from ON Semiconductor. 
The temperature accuracy of the LM75A chip is 0.125 degrees, the sensor and 
the FPGA are directly connected to the I2C digital interface, and the FPGA reads 
the temperature near the current development board through the 12С interface. 
Figure 2-10-1 below is a schematic diagram of the design of the LM75A sensor 
chip 


3. 3V 
034 
m U29 
FPGA | LM75A SCL " SCL 
й LM75A 
Tita n2 | 1м75А SDA. | SDA 


Figure 2-10-1 Theschematic diagram of the LM75A sensor 


The following picture shows the physical map of the LM75A sensor 
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Figure 2-10-2 LM75A sensor physical map 


LM75A sensor pinout: 


PLL SCL 
PLL SDA 


(11) SD card slot 

SD card (Secure Digital Memory Card) is a memory card based on semiconductor 
flash memory technology. The concept was dominated by Japan's Panasonic in 1999, 
and the participants Toshiba and SanDisk of the United States carried out substantial 
research and development. In 2000, these companies initiated the establishment of the 
SD Association ( Secure Digital Association referred to as SDA), with a strong lineup, 
attracting a large number of manufacturers to participate. These include IBM, Microsoft, 
Motorola, NEC, Samsung, and more. Driven by these leading manufacturers, SD cards 
have become the most widely used memory cards in consumer digital devices. 

SD card is a very common storage device now. The SD card we expanded 
supports SPI mode and SD mode, and the SD card used is MicroSD card. The schematic 
diagram is shown in Figure 2-11-1 below. 


+3. ЗУ +3. ЗУ 


034 


ЕРСА 
Titan2 


Figure 2-11-1 SD card slot schematic 
Figure 2-11-2 is the actual picture of the SD card slot on the development board 
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Figure 2-11-2 SD card slot physical map 


SD card slot pin assignment 


SD CLK 


5р CD 


SD CMD 


SD DO 
SD D1 


(12) USB to serial port converter 


N25 


AXP390 Development board contains Silicon Labs USB-UAR chip of 
CP2102GM, USB interface adopts MINI USB interface, you can use a USB cable 
to connect it to the USB port of the PC for serial data communication. The 
schematic diagram of the USB UART circuit design is shown in the following 


figure: 
U34 
UART TXD 
> |кхр VBUS 
FPGA 2 
СР2102 
UART_RXD et 


Micro USB 


Figure 2-12-1 Schematic diagram of USB to serial port 
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The following picture shows the physical picture of USB to serial port 
SETH 


Figure 2-12-2 Physical map of USB to serial port 


FPGA pin assignment for UART to serial port : 


UART АХО 
UART TXD 


(13) FMC connector 


The AXP390 development board has a standard FMC LPC expansion port, 
which can be connected to various FMC modules of our black gold (HDMI input 
and output module, high-speed AD module, etc.) . The FMC expansion port 
includes 34 pairs of differential IO signals and one 12С bus signal. 

33 pairs of differential signals of the FMC expansion port are connected to 
the BANK12 of the FPGA chip, On the IO of BANK13 , the IO level standard of 
BANK12 and ВАМК13 is determined by the voltage VADJ of BANK , which is + 
2.5V by default, so that the 34 pairs of differential signals connected to the FMC 
support LVDS data communication. The schematic diagram of the FPGA and FMC 
connector is shown in Figure 2-13-1. 


FK 


Lonnector 


BANK L6 
BANK L7 


Figure 2-13-1 FMC connector connection diagram 
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Figure 2-13-2 is the physical diagram of the FMC connector on the development 
board 


“les Tx. жа ше uem нх ни ах аж ке AU Ad. кн ғи кн ғы ги а ға ¿s АК ¿G es д о у о го s Ж АЕ жала As 


“gt wt et Бе де Еу не ду ұғ ди ДИ үн ду Ұн ғә Ұш JW пе ¿G ди оң он уш ¿s ДЕ ди ¿< лғ ¿J /4 ДЕ V. 08 00 04 а s s 


Ене R854 R56 B = 
Figure 2-13-2 Physical drawing of FMC connector 
FMC connector pinout 


Signal name | FPGA pin Description 
— i __-_-- __ 
FMC акт P 


AG29 
FMCIAOSN | А09 FMC refers to the 3rd channel data М | 
ЕМС refers to the 3rd channel dataP ||| 


AJ29 
FMC refers to the 3rd channel data P 


FMC refers to the 4th channel data N 
ЕМС LA04 P FMC refers to the 4th channel data P 
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ЕМС 1409 N 
ЕМС 1409 Р 
ЕМС LA10 N 
FMC LA10 P 
FMC LA11 N 
ЕМС LA11 P 
FMC LA12 N 
FMC LA12 P 
FMC LA13 N 
FMC LA13 P 
FMC LA14 N 
ЕМС LA14 P 
FMC LA15 N 
ЕМС LA15 P 
FMC LA16 N 
FMC LA16 P 
FMC LA17 CC N 
FMC LA17 CC P 
FMC LA18 CC N 
FMC LA18 CC P 
FMC LA19 N 
ЕМС LA19 P 
FMC LA20 N 
FMC LA20 P 
FMC LA21 N 
ЕМС LA21 P 
FMC LA22 N 
FMC LA22 P 
FMC LA23 N 
FMC LA23 P 
FMC LA24 N 
FMC LA24 P 
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FMC refers to the 9th channel data N 
FMC refers to the 9th data P 


FMC refers to the 10th channel data N 
FMC refers to the 10th channel data P 
FMC refers to the 11th channel data N 


Y28 FMC refers to the 11th channel data P 


FMC refers to the 12th channel data N 
FMC refers to the 12th channel data P 
FMC refers to the 13th channel data N 


FMC refers to the 13th channel data P 
FMC refers to the 14th channel data N 
FMC refers to the 14th channel data P 
FMC refers to the 15th channel data N 

W29 FMC refers to the 15th channel data P 
FMC refers to the 16th channel data N 

Y30 FMC refers to the 16th data P 
FMC refers to the 17th channel data (clock ) N 
FMC refers to the 17th channel data (clock ) P 
FMC refers to the 18th channel data (clock ) N 
FMC refers to the 18th channel data (clock ) P 


FMC refers to the 19th data N 
FMC refers to the 19th data P 


FMC refers to the 20th channel data N 
FMC refers to the 20th channel data P 
FMC refers to the 21st channel data N 
FMC refers to the 21st channel data P 
FMC refers to the 22nd channel data N 
FMC refers to the 22nd channel data P 
FMC refers to the 23rd channel data N 
FMC refers to the 23rd channel data P 
FMC refers to the 24th channel data N 
FMC refers to the 24th channel data P 
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(14) Expansion port 


The development board reserves a 40-pin expansion port J16 with a standard 
pitch of 2.54mm, which is used to connect various modules of the black gold or 
external circuits designed by the user. The expansion port has 40 signals, 
including 1 channel of 5V power supply, 3.3V Power 2 channels, ground 3 
channels, ІО ports 34 channels. Do not directly connect IO to 5V devices, so 
as not to burn out the FPGA. If you want to connect a 5V device, you need 
to connect a level conversion chip. 

A 33-ohm resistor is connected in series between the expansion port and the 
FPGA connection to protect the FPGA from damage caused by excessive 
external voltage or current. The circuit of the expansion port (J16) is shown in 
Figure 2-14-1 below. 
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J16 

1[ |2 
ex iÀ 3 4 — — ЕХЧ ІР 
EX 10121 5 6 EX 101 2P 
EX 101 ЗМ 7 8 EX 101 3P 
EX 101 4N 9 10 EX 101 АР 
EX [0154 — 11 12 EX 101 БР 
ЕХ 101 6N — 13 14 EX 101 6Р 
ЕХ [01 74 15 16 EX 101 7Р 
ЕХ 101 8N — 17 18 EX 101 ВР 
EX [01 9N — 19 20 EX 101 ФР 
ЕХ [01104 24 22 ЕХ 01 10Р 
ЕХ 01 11N 23 24 EX 101 11P 
EX 101 12№ 25 26 ЕХ 101 12Р 
EX 101 134 27 28 EX 101 13Р 
ЕХ 101 144 29 30 EX 101 14Р 
ЕХ 101 154 31 32 EX 101 15Р 
EX 01 164 — 33 34 EX 101 16Р 
ЕХ 01 17№ 35 36 EX 101 17Р 

| 37 38 Ї 
ЕСТЕН. | = 3.3V 
= 


Figure 2-14-1 Schematic diagram of expansion port J16 
The picture below is the actual picture of the J16 expansion port. Pin1 and Pin2 of the 


expansion port have been marked on the board. 


Jit е 


Figure 2-14-2 Physical map of expansion port J16 


Pin assignment of J16 expansion port FPGA 


41 / 49 www.alinx.com 


ALINX Yd 


(15) JTAG interface 


The development board reserves 2 JTAG interfaces, a 10-pin JTAG interface with a 
pitch of 2.54mm and a 14-pin JTAG interface with a pitch of 2.00mm. Used to debug 
FPGA programs and firmware to FLASH. In order to damage the FPGA chip due to hot 
plugging, we add a protection diode to the JTAG signal to ensure that the voltage of 
the signal is within the range accepted by the FPGA and CPLD to avoid device 
damage. 


1) 10-pin JTAG interface 
The 10-pin JTAG interface with a pitch of 2.54mm is connected to the FPGA chip. 


Its function is mainly used for FPGA program debugging, and this JTAG interface 
cannot be used for program curing. Its schematic diagram is as follows: 


+3.3V 


| JTAG Connector 


425843784338439 
ок Док Чок 4ок 
ы 


ЕРбА ТСК 


ЕРбА ТОО 
ҒРСА ТМ5 


he L satsas | | вата |. | ват | E BATS4S 
= + + ам ki м 7o ssav Tra 


Figure 2-15-1 JTAG interface schematic 
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The following picture is the actual picture of the JTAG interface on the expansion board. 
Be careful not to hot-plug the ЛАС cable when plugging and unplugging. 


Figure 2-15-2 Physical map of JTAG interface 
2) 14-pin JTAG interface 
14-pin JTAG interface with a pitch of 2.00mm is connected to the CPLD chip, and its 
function can be cured to 4 pieces of QSPI through this interface. Flash, use CPLD to 
quickly load program to FPGA to meet PCle power-on requirements, this JTAG interface 
can be used to upload FPGA program into flash. Its schematic diagram is as follows: 


JTAG Connector 


CPLD_3V3 


р CELD. REN ADAM 7 
5 1 "LOL 3 Д CPLD_CON_DI Ріо CON СК М 
U стото а — а Ж SHARE CHID CON DO дсм COND! r 
17 СР, ТОО CPLD^IDI ELI 3 TPID CONT CX PLD CON DO 17 
17: > CPLD_TDI << TPID TMS 8 ws I єз RAHN CPLD_CONL_CS 17 
17 T pus D 


7 - -CPLD TMS << 


HEADER 7x2/SM 


Figure 2-15-3 JTAG interface schematic 
The following picture shows the actual picture of the JTAG interface on the expansion 


board. Be careful not to hot-plug when the JTAG cable is plugged and unplugged. 
D. а] йн 


Figure 2-15-4 Physical map of JTAG interface 
When the firmware is loaded from parallel mode, the downloader is connected to 
the 14-pin ЛАС, and the switches 1, 2, and 3 of the toggle switch SW2 are set 
respectively: 1: OFF, 2: ON, 3: ON, that is, mode[2:0 ]=110, and set the toggle switch 
SW3 to 1: OFF, 2: ON. 


(16) Button 


There are 3 buttons RESET, KEY1, KEY2 on the development board. RESET is used for 
FPGA system reset, and the user cannot program; KEY1 and KEY2 are 2 user buttons, 
and the ordinary IO buttons connected to the FPGA are active at low level, the IO input 
voltage of the FPGA is low, and when no button is pressed, the IO input voltage of the 
FPGA is high. The circuit of the button part is shown in Figure 2-16-1 
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U34 


FPGA N 


Figure 2-16-1 Schematic diagram of key hardware design 


Figure 2-16-2 is the physical map of the 3 buttons on the development board 


[RESET 2555 = A 


i @ G 


Figure 2-16-2 Button physical map 


User button FPGA pin assignment: 


(17) LEDs 


There are 6 red LED lights on the development board, of which 1 is the power 
indicator (PWR), 1 is the program configuration indicator (DONE) , and 4 are 
user LED lights (LED1~LED4) . When the board is powered, the power indicator 
will light up. After the program is loaded, the DONE light will be on, and the 
user LED1~LED4 are connected to the common IO of the FPGA through 
transistors. When the IO voltage connected to the user LED light is configured 
as a high level, the user LED light will be on, and when the connected IO voltage 
is configured as a low level, the User LED will be turned off. 


LED light hardware connection is shown in Figure 2-17-1 
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3. ЗҮ 3.3V 3.3V 3.3V 3.3V 


= LED] |LED2 | LED3 | LED4 
Ре 
FPGA x 
wm 
BANK 1 


ши” 


Figure 2-17-1 Schematic diagram of LED hardware design 


Figure 2-17-2 is the physical diagram of 8 user LED lamps on the expansion board 


Figure 2-17-2 Physical map of user LEDs 
LED light FPGA pin assignment: 
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(18) Power 

The power input voltage of the development board is DC12V, and the 
external +12V power supply supplies power to the board. When using an 
external power supply, please use the power supply that comes with the 
development board, and do not use other specifications of the power supply, 
so as not to damage the development board. The +12V input power supply 
generates +1.0V FPGA core power supply through the DCDC power supply chip 
MYMGK1R820, and the output current is as high as 20A, which meets the 
current demand of the FPGA core voltage. In addition, +12V generates 3 
channels of +5V and +3.3V power through 3 channels of DC/DC power chip 
ETA1471FT2G respectively. Among them, 1 channel +5V power supply 
generates +1.8V, +1.5V, УАП) (-2.5М), VCCA IO СО, +1.2V power supply 
through the DCDC chip ETA9351Q4Y to supply power to FPGA peripherals, 
DDR3, DDR4. The other +5V power supply generates the +1.2V (Н55Т АМТТ) 
power supply, +1.8V (HSST_VCCA), +1.2V (network chip) power supply required 
by HSST through the DCDC chip ETA9351Q4Y; +1.0V (HSST_AVCC) supply 
required for HSST. In addition, the VTT and VREF voltages of DDR3 and DDR4 
are generated by the SY6355DBC chip, and the ADC reference voltage of the 
FPGA is generated by the CYT432 chip. 

The schematic diagram of the power supply design on the board is shown in 
Figure 2-18-1 below: 
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U42 


HSST AVCC@3A 


PHY1 1. 2V@3A 


HSST AVTT@3A 
HSST VCCA@3A 


VCCA 10 GO@3A 
+1. 2V@3A 
U32 
+1V25@1A 


+1. 8V@3A 
+1. 5У@ЗА 
VADJ@3A 
U5 
DDR3 УТ 
DDR4 V EF 
+3. 3VQ3A 

U46 
DDR4 V T 
DDR4 V FF 


Figure 2-18-1 The power interface part of the schematic diagram 


The functions of the individual power supply assignments are shown in the table below: 


Power supply Function 
+1.0V FPGA core voltage, DRM power supply 
133V FPGA BankO,Bank L4,Bank L5, ОЅІР 
FLASH , Clock crystal oscillator, SD card , 
SFP optical module 
+1.8V FPGA auxiliary voltage, network chip 
МССА 10 СО IO dedicated analog power supply 
+1.5V DDR3, FPGA Bank L1, Bank L2, Bank L3 
+1.2V DDR4, FPGA Bank R5, Bank R6, Bank R7 
VADJ(+2.5V) FPGA Bank L6 Bank L7, FMC 
DDR3 VREF, DDR3 VIT | DDR3 
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DDR4 VREF, DDR4 VTT | DDR4 
HSST_AVCC (+1.0V) FPGA Bank HSST_QR1, HSST QR2, 
HSST QR3 , B HSST QR4 
HSST АМТТ(-1.2М) FPGA Bank HSST ОК1, HSST ОК2, 
HSST QR3 , B HSST QR4 
HSST УССА (+1.8V) FPGA HSST auxiliary voltage 
+1V25 FPGA ADC external reference supply 


(19) Fan 


Because the FPGA chip will generate a lot of heat when it is working normally, 
we add a heat sink and a fan to the chip to prevent the chip from overheating. The 
control of the fan is controlled by the FPGA chip, and the control pin is connected to the 
BANK On the IO of L7 , if the 10 level output is high, the MOSFET is turned on, the fan 
works, and if the IO level output is low, the fan stops . The fan design on the board is 
shown in Figure 2-19-1 below: 


FAN < R435 
< 108 
+3.3V , 014 Ј13 
A 77 н 
1 
R212 1 2 
1K > 
< СОМ2 2 54P 
| 7 05 1850 
pecan d NDT3055L ~ |) 
шиж Із ттин, 100uF/16V 
6- - FAN_PWM | 1 ha MMBT3904LT]G = 
4 вом 2) 
2 10K 1% = 
d L 


Figure 2-19-1 Fan design in the schematic diagram of the development board 


FPGA pin assignments: 


| РАМРАМ | Да 
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(20) Structural dimension drawing 


188mm = 
175mm = 
| 225222222222) Овена |O (С) V 
НЕ о р °, 
у E 6A 
ІСІ 5:96 
182 
9 бтт уво ог 
106mm = 98mm 
1 А 
ГЕ 
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Front view (Top View) 


3. Contact us 


Контакты для технических и коммерческих вопросов 


ООО «Инэк» 


г. Санкт-Петербург, ул. Яблочкова, д. 20, литер A, оф. 504 


contact@innek.ru 


+7 (812) 200-40-37 
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